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Summary 



The Coded Orthogonal Frequency Division Multiplex (COFDM) transmission system 
provides a very high degree of tolerance towards multipath interference. Three factors contribute 
towards this tolerance; the inclusion of a guard interval, coding to provide error correction and 
the division of the digital data amongst a very large number of low bit rate carriers. It follows 
from this that a national network of co-channel transmitters can be developed such that not only 
do neighbouring transmitters not cause mutual interference but can combine in a constructive 
manner. This is the principle of the Single Frequency Network, or SFN. 

Experience with Digital Audio Broadcasting (DAB) suggests that an SFN could be utilised 
for Digital Video Broadcasting (DVB). Such a system would make very efficient use of the 
available UHF channels. The Report presents the results of coverage predictions performed for a 
network of 128 transmitters sited at the locations of existing high and medium power UK UHF 
broadcast transmitters. Predictions were carried out for a range of values of guard interval and 
for both directional and omnidirectional receiving antennas. 

Use of COFDM and the latest data compression techniques allows a High Definition 
Television (HDTV) programme to be transmitted in a standard UHF channel. However it will 
require a higher-order modulation scheme than is used for DAB. This will reduce the tolerance 
towards noise and interference. The guard interval may therefore have to be lengthened so that 
signals from more distant transmitters within the network arrive within the guard interval 

The results of the predictions show that the ad hoc transmitter network examined will 
serve 90% or more of the UK population, using the same guard interval as has been chosen for 
Mode I of the Eureka DAB system, provided that a directional antenna is used The directional 
antenna provides most of the extra protection required against interfering signab. The same 
coverage can be obtained using an omnidirectional antenna if the guard interval is doubled 
Alternatively the data could be coded in such a way that a standard definition picture is produced 
if the level of interference is too high for HDTV. 
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1. INTRODUCTION 

The use of digital techniques for transmission 
systems can confer considerable advantages including 
the ability to reduce the information rate greatly using 
data compression techniques. This BBC Research 
Department Report looks at the application of digital 
techniques to terrestrial television broadcasting to the 
home, using a network of transmitters all operating 
synchronously in the same UHF channel. This has 
come to be referred to as a single frequency network 
or SFN 1 . 

Experience with digital audio broadcasting 
(DAB) 2 ' 3 suggested the possibility of using a single 
frequency network for digital video broadcasting 
(DVB). This would, of course, require a free channel. 
In the UK there are four channels in the UHF 
spectrum (Band IV channels 35 to 38) that are either 
unused (channels 35 and 37)* or have non-broadcast 
uses (airport radar in channel 36 and astronomy in 
channel 38). 

Analogue terrestrial television transmission is 
well known to suffer from the effects of multipath 
propagation; this causes ghost images and/or causes 
spectral distortion as evidenced by reception errors in 
the ratio between the vision, sound and colour sub- 
carriers. In a digital environment the ghost images are 
manifested as inter-symbol interference and the 
spectral distortion remains a problem. These effects 
will be greatly enhanced by any attempt to use a non- 
directional receiving antenna and by the existence of 
multiple transmission sources. 

A popular modulation technique for high data 
rate terrestrial transmission systems is Coded 
Orthogonal Frequency Division Multiplex or 
COFDM*. This provides a very high degree of 
tolerance towards multipath interference. Three factors 
contribute towards this tolerance; the inclusion of a 
guard interval, coding to provide error correction 
and the division of the digital data amongst a very 
large number of low bit rate carriers. It follows from 
this that a national network of co-channel trans- 
mitters can be developed such that not only do 
neighbouring transmitters not cause mutual inter- 
ference but can combine in a constructive manner. 
This is the principle of the Single Frequence Network, 
or SFN. 

A1 the time of writing, a proposed new analogue service using 
these channels has not materialised. 



The lower minimum required carrier-to-noise 
ratio {C/N) of a digital system when compared to a 
conventional analogue system means that a lower ERP 
is required in a given environment for the same 
quality of service. This was confirmed by tests carried 
out at BBC Research Department in 1992 using the 
Thomson/LER 'Diamond' system. Further tests are 
currently (September 1993) being undertaken using a 
larger ERP and a later version of the Thomson 
modem. A Research Department Report covering 
these tests will be produced subsequently. 

The impact of a co-channel broadband digital 
signal on PAL is similar to that of white noise; as 
such, it is less severe than a PAL signal would be 
when considering the potential interference to the 
(unstabilised) UHF PAL outputs of video recorders 
operating within the channel range 35 to 38. This 
together with the lower ERP requirement, suggests 
that a digital SFN operating on channel 35 or 37 
would not create the same order of VCR retuning 
problem which constrained the recent proposals for a 
fifth television channel. 



2. SINGLE FREQUENCY NETWORKS 

The use of the COFDM system for digital 
terrestrial television broadcasting (DVB) may allow 
the use of a single frequency network, as is the case 
with DAB. A guard interval of 250 /us has been 
selected as suitable for a national terrestrial SFN for 
DAB. DAB uses QPSK modulation; the higher bit 
rate likely for DVB will require a higher-order 
modulation scheme, such as 64-QAM. This will 
require carrier-to-interference and carrier-to-noise 
ratios about 12 dB higher than those for QPSK. The 
C/N requirement can be dealt with by increased 
power and/or increased receive antenna gain, whereas 
the C/I requirement may necessitate a longer guard 
interval than that for DAB in order that more distant 
transmitters do not interfere. In a homogeneous 
network of transmitters, one could postulate that the 
field strength from all transmitters at distance d will 
decay as \/d rather than \/d 2 and so the requirement 
for 12 dB less interference suggests that the guard 
interval might need to be four times as great as that 
for DAB (i.e. up to 1 millisecond). 

Weighed against this, though, is the probability 
that, particularly at UHF, terrain screening will restrict 
the signal level from more distant interferers. 
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Additionally TV reception could be planned on the 
basis of the use of a directional and roof mounted 
antenna. 

As the guard interval is lengthened, the active 
symbol period must be lengthened proportionally if 
the ensemble data rate is to be maintained. This will 
result in a greater number of more closely-spaced 
carriers, so it is necessary to consider the question of 
local oscillator phase noise and any measures that can 
be taken to reduce its effect in practical receivers. It is 
known that this subject is under study and that 
potential solutions may exist. In this Report it is 
assumed that such solutions can be found, so as to 
demonstrate the benefits in spectrum utilisation that 
might be achieved. 

In order to evaluate the inter-relationships 
between C/I, antenna directivity and guard interval 
length, an ad hoc transmission network was formulated 
for the purpose of performing computer simulations. 
This network consisted of 128 UHF transmitters sited, 
in general, at the locations of existing UK high and 
medium power transmitters. The computer simulations 
were based upon the software previously developed 
for DAB planning 5 , with the addition of the possibility 
of specifying a directional receiving antenna. 



3. NETWORK COVERAGE PREDICTION 

3.1 Field strength calculation 

The field strength predictions were performed 
using a receiver antenna height of 10 metres above 
ground level and a frequency of 585 MHz (channel 
35). 50% time field strengths were used for contribut- 
ing signals and 1% time field strengths for interfering 
signals, to ensure protection for 99% time. Field 
strengths were calculated using the BBC method for 
prediction of path loss over a terrain profile 6 . The 
transmitter locations were as shown in Fig. 1. 

It should be noted that no sources of 
interference have been considered in this study other 
than thermal noise and co-channel interference from 
other transmitters in the SFN. Account cannot be 
taken of image and oscillator interference because 
there is no general agreement as to what the IF 
parameters for a digital receiver are to be. Even if 
these were defined, the effects of image transmissions 
would be dependent on the channel allocations made 
available for any new digital service. 



3.2 Minimum field strength and 
carrier-to-noise ratio 

The minimum field strength (strictly, for a 
multicarrier system, minimum power flux density) is 



determined by the required C/N. Current DAB studies 
suggest that, in a typical multipath (Rayleigh) channel 
and with error protection, an average C/N of 14 dB 
measured in the signal bandwidth must be achieved. 
However, DVB will require a higher order modulation 
scheme, such as 64-QAM, than the QPSK used for 
DAB. The value of E b /N(, required by 64-QAM is 
about 1 2 dB above that for QPSK; assuming similar 
channel and coding conditions this means that DVB 
will require an average C/N 12 dB higher than DAB. 
A further 1 dB 'implementation margin' (to cater for 
the increased complexity of a multi-level modulation 
system) is then added to give a required C/N for DVB 
of27dB. 

The minimum field strength required to yield 
the minimum required C/N relative to thermal noise 
has been calculated at 48 dB(/xV/m), assuming the use 
of a directional receiving antenna with a forward gain 
of 12 dB relative to a dipole. If a vertical dipole were 
used, to give omnidirectional reception, the minimum 
required field strength would therefore be 12 dB 
higher, namely 60 dB(juV/m). 

3.3 Ensemble data rate and carrier spacing 

The COFDM ensemble data rate R (Mbits/s) 
is given by: 

(l+A/ts) 
where N = number of bits/carrier 

B = ensemble bandwidth (MHz) 

A = guard interval 

t s = active symbol period 

Thus the ensemble data rate remains constant as long 
as A/t s is constant, irrespective of A or t s . The carrier 

spacing is \/t s . 

Lengthening of A gives greater protection 
against delayed signals, but at the expense of a larger 
number of more closely spaced carriers if the ensemble 
data rate is to be maintained. For example, if t s = 4A 
then a guard interval of 250 jus will require an active 
symbol period of 1 ms. This implies a carrier 
separation of 1 kHz and hence about 8000 carriers in 
an ensemble of 8 MHz bandwidth. 

3.4 Prediction scenarios 

A range of scenarios has been examined for 
coverage from the SFN. Four values of the guard 
interval A were used: 250 /us, 500 fis, 750 ps and 
1000 y.s. The active symbol period t s was assumed to 
be always four times the guard interval. This is the 
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same as Mode 1 DAB, and represents an effective 
power loss of 1 dB. For each value of guard interval 
two variations were examined: domestic directional or 
omnidirectional receiving antenna. A stylised radiation 
pattern was assumed for the domestic directional 
antenna, with a front to back ratio of 15 dB and 
correction falling linearly from dB at ±20° to 
— 15dB at ±60° relative bearing. Note that this 
pattern is within 1 dB of that specified in CCIR 
Recommendation 417. 

Coverage has been generated for both 
variations, for all four values of A. The other 
prediction parameters were as shown below. The 
values for receiver dynamic range and late lock 
threshold influence the behaviour of the algorithm that 
selects the reference transmitter. 



Calculation increment 


1 km 


Cut-off distance 


500 km 


Receiver dynamic range 


13 dB 


Late lock threshold 


10 dB 


Minimum C/N 


27 dB 


Minimum C/I 


24 dB 



All transmitters were assumed to be trans- 
mitting synchronously (i.e. they would all transmit a 
given symbol simultaneously). The prediction method 
is described in the Appendix. 

Plots of the results for the coverage predictions 
for both variations at A — 250 /us and A = 500 ps 
are presented in Figs. 2 to 5 (between pages 4 and 5). 
The colours represent 50% location values of C and 
C/(N+I) as shown below: 

Coverage plot colours 

Green C above minimum, 

C/{N+I) to 12 dB above minimum 

Yellow C above minimum, 

C/(jY+7) >12 dB above minimum 

where: 

minimum C = 48 dB(/iV7m) or 

60 dB(/jiV/m) as appropriate 

minimum C/(N+I) = 27 dB 

The unshaded areas indicate where C and/or 
C/(N+I) is below minimum, or where no calculations 
were performed. Note that the case of inadequate C 
but adequate C/(N+I) cannot arise; this is because the 
minimum wanted field strength specified for generating 
the coverage plots is that required to produce the 
minimum C/N to overcome thermal noise. 



3.5 Additional predictions 

Considerations of local oscillator phase noise 
and receiver processing power may limit the carrier 
separation for a COFDM ensemble for DVB. In order 
to assess the effect this may have on the coverage, the 
calculations were repeated for a carrier separation of 
4 kHz, corresponding to a maximum active symbol 
period t s of 250 jus. If the data rate is to be 
maintained, this requires a reduction of the guard 
interval A to 62.5 /*s. 



4. ANALYSIS OF COVERAGE 

The coverage prediction program generates 
50% location values for the contributing and the 
interfering fields for a given 1 km square, and from 
these derives a 50% location value for C/(N+1). The 
resultant 50% location C/(N+T) distribution can then 
be analysed using a range of simple models for the 
behaviour of the contributing field C and interfering 
field /. The prediction program also identifies a 
contributing or interfering transmitter as being a 
dominant source if it delivers more than half the 
received contributing or interfering power. 

The proportion of any given 1 km square that 
is served will depend on the location variations of the 
fields within the square. Until the location variations 
can be predicted, it is only possible to explore the 
results of applying some simple models to the 
predicted 50% location values. 



4.1 Coverage analysis program 

The coverage analysis program takes a user- 
specified minimum required C/(N+I), a user-specified 
minimum C, a user-specified standard deviation a and 
the predicted 50% location C/(N+I) for a given 1 km 
square, and from these derives the proportion of the 
area of the square that is served. This also gives the 
proportion of the population of the square that is 
served, on the assumption that the population is 
evenly distributed within the square. The program also 
generates and analyses the distributions of population 
and area vs. 50% location Cand C/(N+7).' 

The analysis results presented in this Report 
were generated using an analysis model which makes 
use of the dominant source information. If there is a 
dominant source then the field in question (C or I) is 
assumed to exhibit a log-normal location variation 
with standard deviation a, otherwise it is assumed to 
be uniform within a 1 km square. C and / are 
assumed to be uncorrected. Thus the standard 
deviation of C/(AH-/) for a given 1 km square will be 
zero, a, or a*\J2. The population and area 
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Ffg. 2 - Predicted SFN coverage for A = 250 ynj 1 , directional antenna. 
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Fig. 3 - Predicted SFN coverage for A = 250 /jls, omnidirectional antenna. 
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Fig. 4 - Predicted SFN coverage for A = 500 pis, directional antenna 
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Fig. 5 - Predicted SFN coverage for A = 500 pis, omnidirectional antenna. 



percentages are generated by simply accumulating the 
served proportions of all the 1 km squares*. 

4.2 Analysis parameters 

The analysis parameters were as shown below: 

Minimum C/(N+I) 27 dB 

Minimum C 48 dB(iuV/m) or 60 dB^V/m) 

as appropriate 

Single signal standard deviation 5.5 dB 

The same value of standard deviation was used 
as that found for DAB in Band III. This value may or 
may not be correct for a COFDM ensemble of greater 
bandwidth and at a higher frequency delivered to a 
rooftop antenna. A standard deviation of 5.5 dB is 
equivalent to a 50% to 99% location correction factor 
of 12.8 dB. 

The results of the analysis of the coverage are 
presented in Tables 1 and 2. The tables include the 
results for the additional predictions (A = 62.5 /is)- 



5. C/(N+I) DISTRIBUTION RESULTS 

Some interesting results are immediately 
apparent from the analysis. Consider first the distribu- 
tions of population and area vs. 50% location 
C/{N+I) exceeded for the various values of A, as 
shown in Figs. 6 and 7 (overleaf), and also in Table 1. 
Changing from a directional to an omnidirectional 
antenna consistently reduces the mean C/(N+I) by 
about 10 dB. It is also apparent from these results that 
lengthening the guard interval from 250 ^s to 500 jus 
produces a significant improvement in the mean 
C/(N+f) of about 10 dB, but any further increase 
yields relatively little extra benefit. 

It is clear from Table 1 that the mean of the 
population vs. C/(N+I) distribution consistently 
exceeds that of the area vs. C/(N+I) distribution by 
about 10 dB. This is reflected in Figs. 6 and 7. This 
result stems from the fact that transmitters tend to be 
concentrated near centres of population; the distribu- 
tions of population and transmitters are therefore not 
independent. C/(A4-7) is high near transmitters, so the 
population is concentrated in areas of higher C/{N+I) 
whereas the area is (obviously!) uniformly distributed. 



Table 1: Mean value of 50% location C/(N+I) dB for whole 
UK by population and by area. 



A (MS) 


Antenna 
Directional Omnidirectional 










Population 




62.5 


32.2 


23.2 


250 


46.7 


37.7 


500 


56.5 


46.1 


750 


59.2 


48.3 


1000 


59.8 


48.8 










Area 




62.5 


24.9 


17.3 


250 


36.0 


28.1 


500 


44.5 


35.3 


750 


47.8 


37.7 


1000 


49.0 


38.6 



Table 2: Percentage population and area coverage 
for whole UK. 



A (ms) 


Antenna 
Directional Omnidirectional 










Population 




62.5 


63 


38 


250 


90 


78 


500 


97 


91 


750 


98 


93 


1000 


98 


93 










Area 




62.5 


43 


24 


250 


69 


53 


500 


82 


69 


750 


85 


73 


1000 


87 


75 



The analysis of the additional prediction 
distributions confirms the trend seen in the main set of 
results. The change in mean C/(N+T) caused by redu- 
cing A from 250 fis to 62.5 ms is even greater than 
that arising from increasing A from 250 us to 500 ^is. 



An alternative method ol generating 1he population and area 
percentages is lo require that a certain minimum proportion of a 
given 1 km square must be served. All 1he population and area of 
those squares which reach this proportion are added to the 
population and area accumulalors. This Yes/No model is 
considered to be excessively stringent for a DVB service lo fixed 
installations; i1 is more appropriate for a DAB service to mobile 
installations where the user is not free to decide the antenna 
position. 



6. LOCATION VARIATION MODEL 
RESULTS 

Table 2, and Figs. 8 and 9 (overleaf), show the 
percentage population and area coverage for the whole 
UK for the various values of A. Some words of 
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Fig. 6 - Cumulative distributions of percentage population vs. 50% location C/(ff+J) exceeded (dB) for four values of A. 
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Fig. 7 - Cumulative distributions of percentage area vs. 50% location C/(N+I) exceeded (dB) for four values of A. 
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Fig. 8 - The percentage population coverage for the whole 
of the UK for various values of guard interval 

caution should be noted regarding these results. The 
nature of the location variation of C/(N+I) is still an 
open question; the coverage analysis results presented 
here are only the application of a simple statistical 
model to the predicted 50% location values. For 
instance, the 99% location value of C/(N+l) cannot 
be predicted until the location variation of a single 
signal is known, and until the degree of correlation 
between multiple signals at any given point can be 
predicted. 

It is the location variation of C/(N+I) within 
a small area rather than the variation of C which will 
limit the coverage. The latter may, subject to 
co-ordination with adjacent countries, be handled by 
raising the ERP and hence raising the 50% location 
value of C, but this will have no significant effect on 
the 50% location value of C/(N+I). (Note that 
interference from transmission sources outside the 
network have not been considered here.) 

The results for the additional prediction 
coverage analysis show that reducing the guard 
interval to 62.5 yus dramatically reduces the network 
coverage. It is clear that a relatively sparse transmitter 
network such as that considered in this Report will 
not provide continuous coverage if the guard interval 
is short. 



7. CONCLUSIONS 

An initial planning exercise has been carried 
out for a possible single frequency network for digital 
terrestrial television broadcasting. A range of values of 
guard interval A were used, from 62.5 jus to 1000 jus. 
For each value of guard interval two variations were 
examined, namely domestic directional or omni- 
directional receiving antenna. 
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Fig. 9 - The percentage area coverage for the whole of the 
UK for various values of guard interval 

Use of an omnidirectional receiving antenna is 
found to reduce the mean 50% location value of 
C/(N+l) by about 10 dB, for all values of A. 
Lengthening the guard interval A from 62.5 /Lts to 
250 /zs and then to 500 ^ts produces significant 
improvements in C/(N+I), but relatively little benefit 
is gained by lengthening A further. 

Either of these results can be compared with 
the 12 dB extra C/(N+I) required for 64-QAM 
relative to QPSK modulation. If the COFDM 
multiplex is carrying an HDTV signal encoded in such 
a way that a standard definition picture can be 
recovered by decoding the 64-QAM as QPSK, then it 
could be argued that this will provide an adequate 
service for the cases where 1% time interference or the 
use of an omnidirectional antenna causes C/(N+I) to 
fall below the minimum value of 27 dB. 

Overall, the results show that the use of a 
directional antenna improves the carrier-to-interference 
ratio by a factor almost equal to the antenna gain. 
This provides most of the additional performance 
needed for a 64-QAM system compared with QPSK. 
With such antennas mounted at roof level it should 
be possible to serve in excess of 90% of the 
population from the 128 transmitters as specified for 
the model; fine tuning the network by moving 
transmitters, adjusting their powers or adding 
additional ones, can only improve the results! It is 
important to note that interference to and from 
transmissions outside the network has not been 
considered in the calculation and assessment of 
coverage. In practice, this would restrict the coverage 
that could otherwise have been achieved. 

In the presence of tropospheric interference, the 
C/(N+I) in some areas will fall below the 27 dB 
needed for successful 64-QAM decoding. Increasing 
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the guard interval beyond 250 /us would reduce the 
size of such areas but not eliminate them. On the 
other hand, many tropospheric interference problem 
areas could be eliminated by using fill-in transmitters. 
Alternatively, a hierarchical modulation system could 
provide standard definition during times of adverse 
interference. 

A denser network of transmitters will tend to 
produce better figures for C/(N+I) and hence may 
give adequate coverage with a shorter guard interval. 
However, even the shorter guard interval implies an 
active symbol period of at least 1 ms and hence about 
8000 carriers in an ensemble of 8 MHz bandwidth. 
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APPENDIX 

Prediction Method 

In an SFN, the receiver will generally receive more than one signal; firstly, due to multipath propagation 
(short relative delays) and secondly, from multiple transmitters (longer relative delays). No attempt is made in the 
present work to assess the impact of multipath propagation on the coverage area; we are concerned with the 
impact of delayed signals from the multiple co-channel transmitters of an SFN. 

Signal combination 

Signals arriving at the receiver will contribute to or detract from the overall system performance to an 
extent determined by their delay (positive or negative) relative to the start of the receiver symbol period. The 
dependence on relative delay of the contributing proportion a; of the received power from transmitter / is as 
follows: 
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A<5,-<r 5 +A 
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(1) 



where 5 ; = 

A = 
ts = 



relative delay for transmitter i 
guard interval 
active symbol period 



The prediction program 

The prediction program calculates the combined contributing and interfering field strengths at regularly 
spaced test points within an area. Contributing and interfering proportions of the received powers from all the 
transmitters in the SFN are combined by power sum addition. 

Before the field strength combinations at a given point can be carried out, it is necessary to determine the 
position in time of the start of the receiver symbol period; all the signal delays are relative to this point. Various 
receiver synchronisation strategies are possible, but for the present work it is assumed that the receiver will lock to 
the signal from a particular transmitter (which will thus have zero relative delay). This will not necessarily be the 
earliest arriving signal. Following discussions on the likely behaviour of the receiver in the presence of multiple 
signals of differing field strengths, a more elaborate strategy for determining the reference transmitter was 
developed, as described below. 

Selection of reference transmitter 

The reference transmitter is identified by the procedure 'FindRef, using individual field strengths already 
determined. Firstly, it calculates, by power sum addition, the total field strength at the receiver. It subtracts from 
this total field a user-specified receiver dynamic range, and then sets a threshold field strength as the greater of a 
user-specified noise level and the total field minus dynamic range. 
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The program then identifies both the earliest-arriving signal that exceeds this threshold and also the 
strongest signal. If these are one and the same, then that signal's transmitter is selected as the reference. If they are 
not the same, the first arriving signal identifies the reference transmitter unless the strongest signal exceeds the 
first-arriving signal by more than a user-specified 'late-lock threshold', in which case the strongest signal identifies 
the reference transmitter. If no signal exceeds the minimum field strength then no reference transmitter is identified 
and therefore no signal combination calculations are performed for the current test point. 

Combination of signals 

Having identified a reference transmitter, the program generates the combined contributing and interfering 
field strengths using the routine 'AddFields'. This routine divides the signal from each of the transmitters in the 
SFN between the contributing and interfering combined field strengths according to its delay, <5, relative to the 
reference transmitter. 

The total contributing field in dB relative to 1 /aV/m will be: 

F w = 101og( 2 «/10 /,/10 ) (2) 

i 

and the total interfering field will be 

F } = 101og( J (l-a,)10* /10 ) (3) 

where /, = field strength for transmitter i in dB(/xV/m). The value of at is calculated from the relative delay, d, 
using (1). 

To assess the overall C/(N+I) an equivalent noise field strength should be added to the interfering field. 
Co-channel interference to a QPSK signal from another QPSK signal is less damaging than the equivalent power 
of Gaussian noise 7 . The weighting factor to be applied to the interfering field will depend on the number of 
interfering sources, varying from about —4 dB for a single interferer to zero as the number of interferes tends to 
infinity. In practice there will be only one or a few significant interferers, so a value of —3 dB is considered 
appropriate. Thus the overall weighted interfering field is given by: 



v* 



101og(l0^ /,0 +10 (f ' 3)/1 j (4) 



where /n = equivalent noise field strength in dB(/xV/m). The overall weighted C/{N+I) at the current test point is 
then Fw — Fi w . As well as calculating the combined contributing and interfering field strengths, the AddFields 
routine also identifies the strongest contributing and interfering transmitters and returns their field strengths. 
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